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Presentation Topics

1. FAA HUMS research program overview
• Objectives
• Work tasks 

2. Summary of Year 1 effort
• Assessment of HUMS CBM credit potential
• Selection of rotorcraft component and CBM credit 

for the research program
• Application of HUMS algorithms and methodologies
• End-to-end CBM credit approval process

3. Program Status
4. Summary
5. Questions
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FAA HUMS research program overview
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Research Objectives

The two complementary research objectives are:
1. Develop, validate and demonstrate HUMS technologies including 

advanced software, algorithms, and methodologies to 
(a) detect faults or component degradation before incipient failure, 
(b) predict future component degradation or fault progression, and 
(c) increase the probability of detection and reduce false alarm rate.

2. Research the validation of existing and new HUMS technologies for 
an example maintenance credit in accordance with the requirements 
of AC29-2C MG 15. 

The research will focus on HUMS mechanical diagnostics
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Task Summary

Task 1: Project planning, reporting and meetings

Task 2: Define target CBM credit, requirements, and risks
Task 2.1 – Select representative component and fault(s) for project focus 

based on existing engineering, operational, and O&R data
Task 2.2 – Evaluate Failure Hazard Analysis (FHA) for selected 

component and fault(s)
Task 2.3 – Define target CBM credit, requirements, risks and finalize 

project objectives

Task 3: Demonstrate HUMS condition indices and thresholds, 
and develop/mature advanced algorithms and methodologies

Task 4: Acquire baseline and seeded fault test data

Task 5: Establish CBM preliminary criteria for target component, 
fault(s), and credit 

Task 6: Develop example plans and research end-to-end CBM 
credit approval process in accordance with AC29-2C Sec. MG-15

Year 1

Year 2-4

Year 2-3

Year 2-4

Year 2-5
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Summary of Year 1 effort (on Task 2 - a program definition task)
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Assessment of HUMS CBM credit potential
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Current HUMS credit status on civil rotorcraft 

The focus of this research is on mechanical diagnostics
Very limited credit has been awarded to current HUMS mechanical 
diagnostics functions
The only credits that have been awarded are:

• Those in which HUMS replaces an item of ground test equipment -
• and where it is possible to show directly from experience that HUMS provides 

the same results as an independent measuring system. 

However, in-service experience does indicate the future credit 
potential of HUMS mechanical diagnostics.

UK examples

Limited rotor adjustments based 
on HUMS data from routine flights

HUMS fulfils a requirement for high 
speed shaft monitoring
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In-service HUMS experience illustrating the credit 
potential of mechanical diagnostics

Eg 1: HUMS detection of accessory gearbox (AGB) defects on AS332L2
• There have been a number of repeat occurrences of a particular defect type 

within an AGB, resulting in rejections before the TBO limit is reached.
• In-service experience has demonstrated that the HUMS can reliably detect 

vibration characteristics associated with the defect. 
• The HUMS information has been used to determine when gearboxes are rejected 
• The AGBs are effectively operating ‘on-condition’ for this defect mode.

Eg 2: HUMS based fleet-wide health check on military CH-47D
• The break-up of a combiner transmission input bearing was detected by debris 

monitoring. A HUMS had been newly fitted to the aircraft, but no thresholds had 
yet been set.

• A failure characteristic was identified from the VHM data acquired by the HUMS, 
and used to screen the rest of the fleet within 12 hours.

• Again, for a single defect mode that was shown to be detectable on an in-service 
aircraft, the HUMS was awarded a ‘one-off credit’ – preventing a fleet grounding 
for gearbox removal and inspection for bearing failure. 
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In-service HUMS experience illustrating the credit 
potential of mechanical diagnostics

Eg 3: HUMS based bearing servicing on Super Puma
• Rising trends in vibration energy levels on the tail drive shaft bearings of AS332L2 

aircraft were found to be related to the state of the grease lubrication.
• Repeating greasing cycles created a 'saw tooth' trend, with progressive increases 

in vibration followed by step decreases. 
• The rising HUMS vibration trends have been used to indicate when bearing re-

greasing is required 

Summary
• These examples from in-service experience illustrate that HUMS mechanical 

diagnostics do have the potential to provide CBM credits. 
• They also suggest that the realization of this potential can be most 

straightforwardly achieved in cases where: 
• Only a limited number of specific defect modes are involved. 
• There is direct evidence from in-service experience of the ability of the HUMS 

mechanical diagnostics to reliably detect these defect modes.   
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Selection of rotorcraft component and CBM 
credit for the research program
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Drivetrain Components

© 2007 by Sikorsky Aircraft: Proprietary Data

Hangar 
Bearings
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Component and Target CBM Credit Selection Criteria

Component History
• Unscheduled vs scheduled
• Primary MTBR or TBO drivers
• Impact on availability
• Cost of Repair

CBM Benefit
• Benefit of early detection
• Feasibility of extending TBO
• Feasibility of eliminating inspections

CBM Credit Complexity

CBM Credit Criticality

Inspectability
• Walk Around
• At-aircraft maintenance inspection
• Teardown

Detectability
• Existing HUMS sensors

Availability of Seeded Fault Test Data

Testability

Synergy with other programs
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Typical Drivetrain Overhaul/Retirement Times

© 2007 by Sikorsky Aircraft: Proprietary Data
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Component and Target CBM Credit Selection Matrix
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Selected Component: oil cooler

© 2007 by Sikorsky Aircraft: Proprietary Data
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Selected Component: oil cooler

© 2007 by Sikorsky Aircraft: Proprietary Data
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Target CBM Credit Selected

Eliminate or extend S-92 oil cooler bearing replacement
• MTBR ~2500 Hrs On-condition desired
• Limited number of failures modes drive TBOs
• Teardown currently required for inspection
• Good detectability with existing HUMS sensors
• Good testability
• Low credit complexity, medium criticality
• Low to medium benefit
• Significant synergy with other programs

Optional Credit -- Eliminate or extend 50-hr oil cooler inspections
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Oil Cooler FMEA

© 2007 by Sikorsky Aircraft: Proprietary Data
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Oil Cooler Bearing FMEA TBO Extension Major Hazard

© 2007 by Sikorsky Aircraft: Proprietary Data
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Oil Cooler Inspection Requirements: 50, 250, and 500 Hr

© 2007 by Sikorsky Aircraft: Proprietary Data

N/A to InspectionDirectly Applicable Indirectly Applicable
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S-92 Fleet Opportunity –
Calibrate rig/aircraft condition indicators & thresholds

New Bearing
Oil Cooler Buildup Oil Cooler Rig Test

MDC

Data Transfer 
Unit

IMD-HUMS                        BMU

S-92 HUMS Data Acquisition
High Time Bearings
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Bearing Bench-Top Tests –
Understand failure progression & calibrate condition indicators

Courtesy of Sentient Corp.

© 2007 by Sentient Corporation
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Supporting data requirements
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Application of HUMS algorithms and 
methodologies
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HUMS data analysis

There are three elements to the HUMS data analysis to be performed 
in support of the oil cooler CBM credit validation research: 
1. A statistical analysis of the outputs from the current S-92 HUMS 
mechanical diagnostic algorithms from the in-service S-92 fleet

• The analysis will correlate the HUMS data with component condition and 
maintenance information, and also establish data variability across the 
operational fleet 

2. The application of Smiths Aerospace’s gear, shaft and bearing VHM 
techniques to data acquired from oil cooler testing

• Although there are detailed differences in the algorithms used by different HUMS 
suppliers, all the current major suppliers have adopted the similar approaches. 

3. The application of Smiths’ advanced HUMS data analysis 
methodologies to the oil cooler data

• The primary goal of applying such methodologies is to determine the impact they 
may have on the ability to achieve HUMS CBM credits. 
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Advanced HUMS data analysis methodologies

Smiths is developing and trialling advanced HUMS data analysis 
methodologies on a UK CAA HUMS research program

• The goal is to further improve HUMS fault detection performance
A new HUMS anomaly detection capability has been developed

• The anomaly detection processing simplifies a complex data picture through 
an effective fusion of multiple HUMS condition indicators. This fusion 
emphasizes abnormal combined indicator trends and suppresses trends that 
are within normal ranges.

• A novel data modelling process was successfully developed to overcome the 
particular challenges of working with operational HUMS data subject to a 
range of unknown in-service influences.

• The new capability has been successfully demonstrated on a large database 
of historical HUMS data, and has successfully completed a 6 month in-service 
trial on Bristow Helicopters’ European AS332L fleet.

• Several faults have been detected that were missed by the current HUMS.
Anomaly model outputs can be fused with other information in a 
higher level probabilistic reasoning layer 
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The advanced methodologies are based on Smiths’ 
Probabilistic Diagnostic and Prognostic System (ProDAPS) 

The figure shows how ProDAPS components sit within the OSA-CBM architecture 
(Open System Architecture for Condition Based Maintenance)
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Web-based anomaly detection system for CAA trial

The anomaly detection system currently being trialled by Bristow Helicopters 
operates as a secure web server, located at Smiths in Southampton

• HUMS data automatically transferred overnight from Bristow’s Web Portal
• Data automatically imported into the HUMS data warehouse and analysed
• Bristow have a remote secure login to the system to view results at any time

www

HUMS Data on
Web Portal

HUMS Data 
Warehouse

BHL HUMS Type
Engineer’s PC

BHL
Aberdeen

Smiths
Southampton

Other BHL
Engineer’s PCs
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End-to-end CBM credit approval process



31
Smiths Aerospace
© 2007 by Smiths Aerospace: Proprietary Data

Review of AC 29-2C MG-15

AC 29-2C MG-15 states that: 
• “The certification of HUMS must address the complete process, from the 

source of data to the intervention action. There are three basic aspects for 
certification of HUMS applications: Installation, Credit Validation, and 
Instructions for Continued Airworthiness (ICA).”

There will be a primary focus on credit validation, which includes 
the following items:

• Description of application and associated credit
• Understanding of the physics involved
• Validation methodology (direct & indirect evidence)
• Controlled introduction to service
• Continued airworthiness and synthesis of credit

All relevant requirements of the AC will be addressed, and these are 
shown on the following chart
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Chart showing the key requirements in AC 29-2C MG-15 that 
must be addressed in the awarding of a HUMS credit

1. Description of HUMS 
application and associated credit

2. Functional Hazard Assessment

3. Resultant end-to-end criticality
(Minor, Major, Hazardous/Severe Major)

1.1 System integrity compliant 
with criticality level

2.1 Credit validation requirements

1.5 Minimum end-to-end 
performance criteria

1.2 Initial equipment 
qualification requirements

1.3 Appropriate 
mitigating actions

1.6 Tests to demonstrate 
performance criteria are met

2.2 Understanding of the 
physics involved

2.4 Validation methodology

2.5 Direct evidence
(Criticality Hazardous/Severe Major)

-HUMS in-service experience
-Seeded fault tests
-On-aircraft trials

2.6 Indirect evidence
(Criticality Major or lower)

-Analytical methods & engineering judgement
-Validation tests

-Direct evidence from other aircraft 
types/equipment

2.7 Controlled Introduction 
to Service plan, with goals

3.1 Instructions for Continued 
Airworthiness

2.3 Monitoring requirements 
& intervention actions

1.4 Final equipment 
qualification requirements

2.8 Accumulate data, make 
refinements/adjustments

2.9 Goals achieved?

2.11 Validate performance 
of credit through service life

2.12 Service experience, 
engineering evidence from 
rejected components etc.

2.13 Required modifications to HUMS 
application or aircraft component?

1. Installation 2. Credit Validation

3. Instructions for 
Continued Airworthiness

2.10 Continued Airworthiness & 
synthesis of credit

1. Description of HUMS 
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(Minor, Major, Hazardous/Severe Major)
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Application of the AC to a particular CBM credit

AC 29-2C MG-15 provides useful guidance material, and contains 
well-founded requirements 
However, these are defined in generic terms, and potential issues to 
be addressed in applying the AC to the end-to-end process of 
achieving a particular CBM credit may include:

• Understanding the interactions between requirements in different sections of 
the document (i.e. Installation, Credit Validation, and ICA).

• Converting the generic guidance into specific plans for a defined HUMS 
application providing a CBM credit that are acceptable to a certifying authority.

• Determining the cost effectiveness and appropriate timing of any CBM credit 
application. 

• For example, conducting a series of seeded fault tests to provide direct 
evidence to validate a credit can be expensive. However, after a number 
of years of HUMS operations, much of the required direct evidence may 
have been accumulated from the in-service experience at little cost. 

• It is important HUMS experience is properly documented and reviewed.
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Program status and Summary
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Program Status – To Date

Budget/Expenditure
• 26% spent of the total award.  

Schedule
• Estimated 3 month slip in schedule

Issues/Concerns
• Slow start up caused delay in first deliverable, but overall five-year program 

should remain on schedule
Accomplishments

• Completed Task 2
Deliverables

• Completed the first annual technical report, including the Task 2 deliverables:
• 0003a – Failure and hazard assessment report on selected component 

and aircraft
• 0003b – Summary report documenting the development of CBM credit, 

requirements, and risks
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Program Status – Near Term Plans

There will be some flexibility in the scheduling of tasks to aid
efficiency and to make allowance for the timing of the availability of 
different data sets. The following near term activities are anticipated:
Task 3

• SAC are preparing to ship a first batch of S-92 oil cooler HUMS data to 
Smiths, together with supporting maintenance information.

• Smiths will then create a database for this, and commence data exploration 
and analysis.

Task 4
• SAC are about to complete the prioritized oil cooler test plan, and to ship a 

batch of existing H-60 oil cooler test data to Smiths 
• SAC will then commence oil cooler testing in accordance with the plan

Task 5
• Smiths will commence analysing the data shipped by SAC in Task 4

Task 6
• An oil cooler credit validation plan will be developed
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Summary

A well-targeted HUMS research program has been defined
• This will validate the application of AC 29-2C to an example CBM credit.
• It will also support the on-going development of the CBM credit potential of 

HUMS mechanical diagnostics functions.
Task 2 has been completed

• An analysis of the generic credit potential of HUMS has been performed.
• The S-92 oil cooler has been selected as the target component for the research.
• The target CBM credit has been defined as elimination of the current 2,500 hr 

oil cooler TBO, plus optionally the elimination of some inspections.
• The highest level of criticality of this credit has been identified as “Major”.
• The applicable HUMS algorithms and methodologies have been defined.
• An analysis of the requirements of AC 29-2C has been performed.

Work will now focus on the acquisition and analysis of S-92 HUMS 
data and oil cooler test data for credit validation
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Thank you for your attention

Questions?


